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1
POWER STORAGE SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a technique for detecting,
voltage values of a plurality of power storage elements and
discharging power storage elements to suppress variation of
the voltage values 1n a plurality of power storage elements.

2. Description of Related Art

Japanese Patent Application Publication No. 2001-
218376 (JP 2001-218376 A) describes a technique {for

detecting voltage values of a plurality of cells connected 1n
series and discharging a specific cell such that variation of
the voltage values 1n a plurality of cells falls within an
allowable range. In each of the cells, a discharge resistor and
a discharge switch are connected 1n parallel, and a specific
discharge switch is turned on, thereby discharging only the

specific cell.
As1n JP 2001-218376 A, 1f variation of the voltage values

in a plurality of cells 1s within the allowable range, the
abnormal state according to voltage fluctuation can be easily
specified by monitoring voltage fluctuation thereafter. If a
specific abnormal state 1s generated, there 1s a case where
voltage fluctuation due to the abnormal state i1s generated.
Therefore, it 1s possible to determine the generation of the
abnormal state by recognizing voltage fluctuation due to the
abnormal state. When variation of the voltage values 1is
generated, 1t 1s dithicult to recognize voltage fluctuation due
to an abnormal state. Therefore, 1t 1s preferable that variation
of the voltage values 1s within the allowable range.

In JP 2001-218376 A, all cells constituting an assembled
battery are connected to one voltage detection circuit. The
number of cells constituting the assembled battery 1s able to
be approprately determined. For example, if the number of
cells increases, there 1s a case where a plurality of voltage
detection circuits should be connected to the assembled
battery. The detection result of each of the voltage detection
circuits optionally includes a detection error, and the detec-
tion error 1s optionally different among the voltage detection
circuits. Accordingly, there 1s a case where variation of the
voltage values of the cells in the assembled battery 1s
generated by variation 1n the detection error of a plurality of
voltage detection circuits.

It the cells are discharged such that variation of the
voltage values associated with variation in the detection
error falls within the allowable range, the time until variation
of the voltage values falls within the allowable range 1is
delayed by the discharge time. Accordingly, the determina-
tion of the abnormal state described above is delayed.

For example, there 1s a case where, 1n order to improve the
output of an assembled battery, a plurality of battery stacks
are connected 1n series to constitute the assembled battery.
Each battery stack 1s constituted by connecting a plurality of
cells 1n series. Each battery stack 1s replaced individually or
a plurality of battery stacks are used in different temperature
environments, and thus, i the plurality of battery stacks,
variation 1n the full charging capacity of the cells 1s gener-
ated. Accordingly, 1n the plurality of battery stacks, variation
of the voltage values of the cells 1s likely to be generated.

It the cells are discharged such that vaniation of the
voltage values falls within the allowable range, the time until
variation of the voltage values falls within the allowable
range 1s delayed by the discharge time. Accordingly, the
determination of the abnormal state described above 1is
delayed.
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2
SUMMARY OF THE INVENTION

A power storage system according to a first aspect of the
invention has a power storage device, a plurality of voltage
detection circuits, a discharge circuit, and a controller. The
power storage device includes a plurality of power storage
stacks connected 1n series, each power storage stack of said
plurality of power storage stacks includes a plurality of
power storage elements connected 1n series. The plurality of
voltage detection circuits 1s configured to detect voltage
values of the plurality of power storage elements, respec-
tively. The discharge circuit 1s configured to perform a
discharge processing for discharging each power storage
clement. The controller 1s configured to control the dis-
charge processing based on the voltage values detected by
the voltage detection circuits. The controller 1s configured to
determine an abnormal state according to a voltage fluctua-
tion after the voltage values are made umiform. The control-
ler 1s configured to perform a first processing when condi-
tions 1) to 1v) given below are satisfied, and to perform a
second processing when all the conditions 1) to 111) and a
condition v) given below are satisfied. The condition 1) 1s
that 1n at least one power storage stack, diflerent voltage
detection circuits are connected to the power storage ele-
ments mncluded 1n said at least one power storage stack. The
condition 11) 1s that at least one voltage detection circuit 1s
connected to the power storage elements of different power
storage stacks. The condition 111) 1s that the power storage
clements included in the plurality of power storage stacks
are divided 1nto a plurality of groups, each group consists of
a plurality of power storage elements included 1n a same
power storage stack and connected to a same voltage detec-
tion circuit. The condition 1v) 1s that the voltage values of the
power storage elements are different in each group. The
condition v) 1s that 1n the plurality of groups 1n each of which
the voltage values of the power storage elements are made
uniform, the voltage values are different among the plurality
of groups. The first processing 1s processing for making the
voltage values of the power storage elements in the group
corresponding to the condition 1v) uniform by the discharge
processing. The second processing 1s processing for making
the voltage values of the power storage elements included in
the plurality of groups corresponding to the condition v)
uniform by the discharge processing.

According to the first aspect of the invention, it 1s possible
to make the voltage value of all power storage elements in
a power storage device by discharge processing (first and
second processing) of the discharge circuit uniform. Spe-
cifically, 1t 1s possible to make the voltage values among a
plurality of groups uniform by the second processing while
making the voltage values 1n the group uniform by the first
processing. With this, in the power storage device, 1t 1s
possible to make uniform the voltage values of all power
storage clements.

Here, one group i1s divided for each voltage detection
circuit. With this, the voltage values of the power storage
clements included 1n each group are not atlected by the
detection errors in the voltage detection circuits. Accord-
ingly, 1t 1s possible to make the voltage values in the group
uniform without regard for varnation of the voltage values
associated with varniation in the detection error of the voltage
detection circuits. Furthermore, one group 1s divided for
cach power storage stack. With this, the voltage values of the
power storage elements 1 each group are not aflected by
variation 1n the full charging capacity apt to be generated
among a plurality of power storage stacks. Accordingly, it 1s
possible to make the voltage values in the group uniform
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without regard for variation of the voltage values associated
with variation 1n the full charging capacity i a plurality of
power storage stacks.

When making the voltage values 1n the group uniform, 1t
1s not necessary to suppress variation of the voltage values
associated with variation in the detection error or full
charging capacity, and discharge processing for suppressing
variation 1s not required. With this, it becomes easy to reduce
the time until the voltage values of the power storage
clements 1n each group are made uniform, and 1t 1s possible
to suppress delay of the determination of an abnormal state.
If the voltage values 1n the group are made uniform, 1n the
second processing, 1t 1s possible to discharge all power
storage elements 1n the group 1n a state 1n which the voltage
values are made uniform. Accordingly, it 1s possible to make
the voltage values of all power storage elements 1n the power
storage device uniform while performing the determination
of an abnormal state 1n the group.

A power storage system according to a second aspect of
the mvention has a power storage stack, a plurality of
voltage detection circuits, a discharge circuit, and a control-
ler. The power storage stack includes a plurality of power
storage elements connected 1n series. The plurality of volt-
age detection circuits 1s connected to different power storage
clements 1n the power storage stack. The plurality of voltage
detection circuits 1s configured to detect voltage values of
the plurality of power storage elements, respectively. The
discharge circuit 1s configured to perform a discharge pro-
cessing for discharging each power storage element. The
controller 1s configured to control the discharge processing
based on the voltage values detected by the voltage detection
circuits. The controller 1s configured to determine an abnor-
mal state according to a voltage fluctuation after the voltage
values are made uniform. The controller 1s configured to
perform a first processing when conditions 1) and 11) are
satisfied, and to perform a second processing when the
condition 1) and a condition 111) are satisfied. The condition
1) 1s that the power storage elements are divided into a
plurality of groups, each group consists of a plurality of
power storage elements connected to a same voltage detec-
tion circuit. The condition 11) 1s that the voltage values of the
power storage elements are different in each group. The
condition 111) 1s that in the plurality of groups in each of
which the voltage values of the power storage elements are
made uniform, the voltage values are diflerent among the
plurality of groups. The first processing 1s processing for
making the voltage values of the power storage elements in
the group corresponding to the condition 11) uniform by the
discharge processing. The second processing 1s processing
for making the voltage values of the power storage elements
included in the plurality of groups corresponding to the
condition 111) uniform by the discharge processing.

In the second aspect, as 1n the first aspect, the voltage
values among a plurality of groups are made uniform while
making the voltage values in the group uniform, whereby 1t
1s possible to make the voltage values of all power storage
clements 1n the power storage device umiform.

Here, one group 1s divided for each voltage detection
circuit, and thus, as in the first aspect, it 1s possible to make
the voltage values 1n the group uniform without regard for
variation of the voltage values associated with variation in
the detection error of the voltage detection circuits. Then, it
becomes easy to reduce the time until the voltage values of
the power storage elements are made uniform 1n each group,
and 1t 1s possible to suppress delay of the determination of
an abnormal state. If the voltage values 1n the group are
made uniform, in the second processing, 1t 1s possible to
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4

discharge all power storage elements 1n the group 1n a state
in which the voltage values are made uniform. Accordingly,
it 1s possible to make the voltage values of all power storage
clements 1n the power storage device umiform while per-
forming the determination of an abnormal state 1in the group.
The power storage device includes a plurality of power
storage stacks connected 1n series, each of the power storage
stacks including a plurality of power storage elements
connected 1n series. The voltage detection circuit 1s config-
ured to detect a voltage value of each power storage element.
The discharge circuit 1s configured to perform discharge
processing for discharging each power storage element. The
controller 1s configured to control the discharge processing
based on the voltage values detected by the voltage detection
circuits. The controller 1s configured to determine an abnor-
mal state according to voltage fluctuation after the voltage
values are made uniform. The controller 1s configured to
perform first processing when the following conditions 1)
and 11) are satisfied, and to perform second processing when
the condition 1) and a condition 111) are satisfied. The
condition 1) 1s that the power storage elements are divided
into a plurality of groups, each group having each power
storage stack. The condition 11) 1s that the voltage values of
the power storage elements are diflerent 1n each group. The
condition 111) 1s that in the plurality of groups in each of
which the voltage values of the power storage elements are
made uniform, the voltage values are different among the
plurality of groups. The first processing 1s processing for
making the voltage values of the power storage elements in
the group corresponding to the condition 11) uniform by the
discharge processing. The second processing 1s processing
for making the voltage values of the power storage elements
included in the plurality of groups corresponding to the
condition 111) uniform by the discharge processing.

A power storage system according to a third aspect of the
invention has a power storage device, a voltage detection
circuit, a discharge circuit, and a controller.

In the third aspect, as in the first aspect, the voltage values
among a plurality of groups are made umiform while making
the voltage values 1n the group uniform, whereby 1t 1s
possible to make the voltage values of all power storage
clements 1n the power storage device uniform.

Here, one group 1s divided for each power storage stack,
and thus, as 1n the first aspect, it 1s possible to make the
voltage values in the group uniform without regard for
variation of the voltage values associated with variation in
the full charging capacity. Then, 1t becomes easy to reduce
the time until the voltage values of the power storage
clements are made uniform 1n each group, and 1t 1s possible
to suppress delay of the determination of an abnormal state.
If the voltage values 1n the group are made uniform, 1n the
second processing, 1t 1s possible to discharge all power
storage elements 1n the group in a state 1n which the voltage
values are made uniform. Accordingly, it 1s possible to make
the voltage values of all power storage elements 1n the power
storage device uniform while performing the determination
ol an abnormal state 1n the group.

In the first to third aspects of the invention, as an abnormal
state, there 1s failure of a Zener diode associated with the
flowing of a leakage current in the Zener diode.

With the above-described configuration, the voltage val-
ues of the power storage elements 1n the group are made
uniform with a reference voltage value, making 1t easy to
recognize the above-described voltage fluctuation associated
with failure of the Zener diode.

In the first to third aspects of the invention, as an abnormal
state, there 1s a state in which a power storage element
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continues to be discharged. With the above-described con-
figuration, the voltage values of the power storage elements
in the group are made uniform, making 1t easy to recognize
a decrease of the voltage value 1n a specific power storage

clement and to recognize a state 1n which a power storage
clement continues to be discharged.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance ol exemplary embodiments of the mnvention will be
described below with reference to the accompanying draw-
ings, in which like numerals denote like elements, and
wherein:

FIG. 1 1s a diagram 1illustrating the configuration of a
battery system:;

FIG. 2 1s a diagram 1illustrating an assembled battery and
a monitoring umnit;

FI1G. 3 1s a diagram 1llustrating the circuit configuration of
a part 1n a monitoring unit;

FIG. 4 1s a flowchart illustrating equalization processing;

FIG. 5 1s a flowchart 1llustrating discharge determination;

FIG. 6 1s a diagram 1llustrating battery groups;

FIG. 7 1s a flowchart illustrating first stage discharge
determination;

FIG. 8 1s an explanatory view when a cell to be discharged
1s specified 1n the first stage discharge determination;

FIG. 9 1s a tlowchart illustrating second stage discharge
determination;

FIG. 10 1s an explanatory view when a cell to be dis-
charged 1s specified in the second stage discharge determi-
nation;

FIG. 11 1s a diagram 1llustrating a state 1n which a leakage
current flows 1n a Zener diode; and

FIG. 12 1s a diagram illustrating the relationship of
voltage values of cells when a leakage current flows 1n a
Zener diode.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter,
described.

FIG. 1 1s a diagram illustrating the configuration of a
battery system of this example. The battery system 1s an
example of a power storage system of the mvention. An
assembled battery 10 1s connected to a load 20 through a
positive electrode line PL and a negative electrode line NL.
The assembled battery 1s an example of a power storage
device of the invention. The positive electrode line PL 1s
connected to a positive electrode terminal of the assembled
battery 10, and the negative electrode line NL 1s connected
to a negative electrode terminal of the assembled battery 10.

A system main relay SMR-B 1s provided 1n a positive
clectrode line PL, and a system main relay SMR-G 1s
provided 1n a negative electrode line NL. When the system
main relays SMR-B, SMR-G are turned on, the assembled
battery 10 1s connected to the load 20. When the system
main relays SMR-B, SMR-G are turned off, the connection
of the assembled battery 10 and the load 20 1s interrupted.

The battery system illustrated in FIG. 1 1s able to be
mounted 1n, for example, a vehicle. In this case, a motor
generator 15 able to be used as the load 20. The motor
generator receives power output from the assembled battery
10 and generates kinetic energy for making the vehicle
travel. The motor generator 1s able to convert kinetic energy
generated at the time of braking of the vehicle to power and
1s able to output power to the assembled battery 10.

an example of the invention will be
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6

Next, the configuration of the assembled battery 10 will
be described referring to FIG. 2. The assembled battery 10
has three battery stacks 11 (11 A to 11C) connected 1n series.
The battery stacks are an example of power storage stacks of
the invention. In this example, the number of battery stacks
11 constituting the assembled battery 10 1s optionally a
plural number. The battery stacks 11A to 11C are able to be
replaced individually.

For example, when only the battery stack 11B reaches the
life end due to deterioration, only the battery stack 11B 1s
able to be replaced with a diflerent battery stack 11. The
different battery stack 11 1s connected in series with the
battery stacks 11A and 11C being previously used. As the
different battery stack 11, a new battery stack 11 or a use
battery stack 11 1s able to be used. The used battery stack 11
1s a battery stack 11, which has not yet reached the life end
and 1s able to be continuously used, among recovered battery

stacks 11.

Each of the battery stacks 11A to 11C has a plurality of
cells 12 connected 1n series. The cells are an example of
power storage elements of the invention. The number of
cells 12 constituting the battery stack 11 1s able to be
appropriately set. The battery stack 11 optionally includes a
plurality of cells 12 connected 1n parallel. As the cells 12, a
secondary battery, such as a nickel-hydrogen battery or a
lithium 10n battery, 1s optionally used. Instead of the sec-
ondary battery, an electric double layer capacitor 1s option-
ally used.

The positive electrode terminal and the negative electrode
terminal of each cell 12 are connected to a monitoring unit
30 (30A, 30B) through detection lines DL. The monitoring
unit 30 1s used to detect a voltage value Vb of each cell 12,
and an output signal of the monitoring unit 30 1s mput to a
controller 40. In this example, although two monitoring
units 30A, 30B are connected to the assembled battery 10,
the number of monitoring units 30 1s optionally a plural
number.

In the configuration illustrated in FIG. 2, the monitoring,
unit 30A 1s connected to all cells 12 of the battery stack 11 A
and some cells 12 of the battery stack 11B. The monitoring
umt 30B 1s connected to all cells 12 of the battery stack 11C
and some cells 12 of the battery stack 11B. The battery stack
11B includes the cells 12 connected to the monitoring unit
30A and cells 12 connected to the monitoring unit 30B.

The controller 40 has a memory 41, and the memory 41
stores various kinds of information. The memory 41 1s
optionally provided outside the controller 40. The controller
40 15 able to output a control signal for switching the system
main relays SMR-B, SMR-G illustrated 1n FIG. 1 between
on and ofl. A timer 42 measures the time t1 and outputs the
measurement result to the controller 40. A timer 43 measures
the time t2 and outputs the measurement result to the
controller 40. The details of the time t1, t2 will be described
below.

Next, the circuit configuration of the monitoring unit 30
(30A, 30B) will be described referring to FIG. 3. FIG. 3
illustrates the circuit configuration of a part in the monitor-
ing unit 30.

A resistive element R11 1s provided in each detection line
DL. When a current that 1s greater than an allowable current
value flows 1n the resistive element R11, the resistive
clement R11 i1s fused, whereby the connection of the moni-
toring unit 30 and the assembled battery 10 1s able to be
interrupted. With this, 1t 1s possible to suppress the tlowing
of an excessive current from the assembled battery 10 into
the monitoring umt 30.
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A Zener diode D 1s connected 1n parallel with each cell 12
through two detection lines DL. The cathode of the Zener
diode D 1s connected to the positive electrode terminal of the
cell 12, and the anode of the Zener diode D i1s connected to
the negative electrode terminal of the cell 12. The Zener
diode D 1s used to suppress the application of an overvoltage
from the assembled battery 10 to the monitoring unit 30.
That 1s, when an overvoltage 1s applied from the assembled
battery 10 to the monitoring unmit 30, a current flows from the
cathode to the anode of the Zener diode D, thereby sup-
pressing the application of an overvoltage to the monitoring,
unit 30. A plurality of Zener diodes D are connected in
Series.

Hach detection line DL 1s branched into two lines, and the
branch lines BL1, BL2 are respectively provided with resis-
tive elements R21, R22. The Zener diode D 1s connected to
a connection point of the resistive elements R21, R22 and
the resistive element R11. In the two detection lines DL
connected to the cell 12, a capacitor (tflying capacitor) C and
a switch SW1 are connected to the branch line BLL1 of one
detection line DL and the branch line BL2 of the other
detection line DL.

Specifically, the capacitor C and the switch SW1 are
connected to the branch line BL1 between the resistive
clement R21 and a sampling switch SW21 and to the branch
line BL2 between the resistive element R22 and a sampling
switch SW22. The sampling switches SW21, SW22 receive
a control signal from the controller 40 and are switched
between on and off.

The switch SW1 receives a control signal from the
controller 40 and 1s switched between on and off. Each
switch SW1 1s connected in parallel with each cell 12
through the detection line DL, and when the switch SW1 1s
turned on, a closed circuit 1s constituted by the switch SW1,
the cell 12, and the detection line DL, thereby discharging
the cell 12. A discharge current of the cell 12 flows 1n the
resistive elements R11, R21, R22, whereby 1t 1s possible to
lower the voltage value Vb of the cell 12.

Since each capacitor C 1s connected in parallel with each
cell 12 through the detection line DL, the capacitor C 1s
charged with electric charges stored in the cell 12. With this,
a voltage value Vc of the capacitor C becomes equal to the
voltage value Vb of the cell 12.

The sampling switches SW21, SW22 corresponding to a
specific cell 12 are turned on, whereby 1t 1s possible to detect
the voltage value Vb of the specific cell 12. That 1s, the
voltage value V¢ of the capacitor C 1s detected. The sam-
pling switch SW21 1s connected to one mput terminal
comparator COM, and the sampling switch SW22 1s con-
nected to the other input terminal of the comparator COM.
An output signal of the comparator COM 1s subjected to AD
conversion and then mput to the controller 40. With thus, the
controller 40 1s able to detect the voltage value Vb (voltage
value Vc¢) of each cell 12.

The controller 40 sequentially turns on the sampling
switches SW21, SW22 corresponding to each cell 12,
thereby sequentially detecting the voltage value Vb (voltage
value Vc¢) of each cell 12. A plurality of sampling switches
SW21, SW22 are able to be constituted by a multiplexer.

As described above, the switch SW1 1s turned on and the
cell 12 1s discharged, whereby 1t 1s possible to suppress
variation of the voltage values Vb (voltage value Vc¢) in a
plurality of cells 12. Processing for suppressing variation of
the voltage values Vb 1s referred to as equalization process-
ng.

As described above, the monitoring unit 30 of this
example has a circuit (voltage detection circuit) that detects
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the voltage value Vb of each cell 12, and a circuit (discharge
circuit) that discharges each cell 12. The voltage detection
circuit and the discharge circuit are optionally constituted
separately. Specifically, the voltage detection circuit 1s able
to be connected to each cell 12, and the discharge circuit 1s
able to be connected to each cell 12 using a connection line
different from a connection line of the voltage detection
circuit and each cell 12. The voltage detection circuits are
provided corresponding to the number of monitoring units
30. The number of discharge circuits 1s able to be appropri-
ately set, and for example, the discharge circuits are able to
be provided corresponding to the number of monitoring
units 30.

Next, the equalization processing will be described using
the flowchart i1llustrated in FIG. 4. Processing illustrated in
FIG. 4 1s executed by the controller 40, and for example, the
processing illustrated i FIG. 4 1s able to be performed while
the assembled battery 10 1s not connected to the load 20. The
controller 40 1s able to be operated with power supplied from
a power supply different from the assembled battery 10.

In Step S101, the controller 40 specifies a cell 12 that 1s
discharged by the equalization processing, and the measure-
ment of the time t1 starts using the timer 42. When per-
forming processing of Step S101, there 1s optionally no cell
12 to be discharged, and in this case, a cell 12 to be
discharged 1s not specified. The details of the processing for
specifying a cell 12 to be discharged will be described
below.

In Step S102, the controller 40 performs determination
about whether or not there 1s a cell 12 to be discharged based
on the result of the processing of Step S101. When a cell 12
to be discharged 1s specified, the controller 40 performs
processing of Step S103, and when a cell 12 to be discharged
1s not specified, the controller 40 performs processing of
Step 5106.

In Step S103, the controller 40 starts discharging for the
cell 12 specified by the processing of Step S101. Specifi-
cally, the controller 40 switches the switch SW1 (see FIG. 3)
corresponding to the specified cell 12 from off to on, thereby
discharging the cell 12. The switch SW1 corresponding to a
cell 12 not to be discharged remains off. When the discharg-
ing of the cell 12 starts, the controller 40 starts the mea-
surement of the time t2 using the timer 43. The measured
time t2 represents the time when the switch SW1 1s turned
on and the cell 12 continues to be discharged.

In Step S104, the controller 40 performs determination
about whether or not the measured time t2 1s equal to or
greater than a second predetermined time t_th2. The second
predetermined time t_th2 1s able to be appropriately set, and
information speciiying the second predetermined time t_th2
1s able to be stored in the memory 41. The controller 40
waits until the measured time {2 becomes equal to or greater
than the second predetermined time t_th2 after the discharg-
ing of the cell 12 starts.

When the measured time 2 1s equal to or greater than the
second predetermined time t_th2, the controller 40 ends the
discharging of the cell 12 in Step S103. Specifically, the
controller 40 switches the switch SW1, which 1s turned on
by the processing of Step S103, to off. When ending the
discharging of the cell 12, the controller 40 resets the
measured time 12.

In Step S106, the controller 40 performs determination
about whether or not the time t1 that starts to be measured
by the processing of Step S101 1s equal to or greater than a
first predetermined time t_thl. The first predetermined time
t thl 1s the time that specifies the execution period of the
processing ol Step S101, and 1s equal to or greater than the
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second predetermined time t_th2. Information speciiying the
first predetermined time t_thl i1s able to be stored in the
memory 41.

The controller 40 waits until the measured time tl
becomes equal to or greater than the first predetermined time
t thl, and when the measured time t1 1s equal to or greater
than the first predetermined time t_thl, the controller 40
resets the measured time t1 and then performs the processing,
of Step S101 again.

Next, the processing of Step S101 illustrated 1 FIG. 4,
that 1s, the details of the processing for specilying a cell 12
to be discharged will be described using the flowchart
illustrated in FIG. 5. Processing illustrated in FIG. 5 1s
executed by the controller 40.

In Step S201, as first stage discharge determination, the
controller 40 specifies a cell 12 to be discharged 1n each
battery group G. The battery groups are an example of
groups of the invention. As illustrated mm FIG. 6, an
assembled battery 10 1s divided into four battery groups G
(G1 to G4).

Each of the battery groups G1 to G4 has cells 12 that are
included in the same battery stack 11 (11A to 11C) and are
connected to the same monitoring unit 30 (30A, 30B). In the
configuration 1illustrated 1n FIG. 6, although the number of
battery groups G1 to G4 1s four, the invention 1s not limited
thereto. The number of battery groups changes depending on
the number of battery stacks 11 or the number of monitoring,
units 30. The details of the processing of Step S201 will be
described below.

In Step S202, as second stage discharge determination,
the controller 40 specifies cells 12 to be discharged 1n each
of the battery groups G1 to G4. The cells 12 to be discharged
are all cells 12 included 1n the battery group G. The details
of the processing of Step S202 will be described below.

Next, the details of the processing (first stage discharge
determination) of Step S201 illustrated i FIG. 5 will be
described using the flowchart illustrated 1n FIG. 7. Process-
ing illustrated 1in FIG. 7 1s executed by the controller 40.

In Step S301, the controller 40 detects the voltage values
Vb of all cells 12 included 1n each of the battery groups G1
to G4 based on the output signals of the monitoring units
30A, 30B. In Step S302, the controller 40 performs deter-
mination about whether or not the voltage values Vb are
different 1n each of the battery groups G1 to G4 and variation
of the voltage values Vb 1s generated.

Specifically, the controller 40 first specifies a minimum
voltage value Vb_minl in each of the battery groups G1 to
G4. Here, there 1s at least one cell 12 having the voltage
value Vb_minl 1n each of the battery groups G1 to G4. Next,
the controller 40 calculates the voltage difference AV1
between the voltage value Vb of each of the remaiming cells
12 and the voltage value Vb_minl.

The remaining cells 12 are the cells 12 that have the
voltage value Vb greater than the voltage value Vb_minl.
The voltage difference AV1 1s a value obtained by subtract-
ing the voltage value Vb_minl from the voltage value Vb of
cach of the remaining cells 12. When the calculated voltage
difference AV1 i1s equal to or greater than a threshold value
AV _thl, the controller 40 determines that variation of the
voltage values Vb 1s generated. When variation of the
voltage values Vb 1s generated, the controller 40 performs
processing of Step S303.

The determination about whether or not variation of the
voltage values Vb 1s generated 1s performed for all cells 12
excluding the cell 12 having the voltage value Vb_minl 1n
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cach of the battery groups G1 to G4. In the battery groups
G1 to G4, the voltage values Vb_minl are optionally
different from one another.

When the voltage difference AV1 1s less than the threshold
value AV _thl, the controller 40 determines that variation of
the voltage values Vb 1s not generated, 1n other words, the
voltage values Vb are uniform. The threshold value AV_thl
1s a value equal to or greater than O [V] and 1s able to be
appropriately set taking into consideration a range 1n which
variation of the voltage values Vb 1s allowable. Information
speciiying the threshold value AV_thl 1s able to be stored 1n
the memory 41. When variation of the voltage values Vb 1s
not generated, the controller 40 ends the processing 1llus-
trated i FIG. 7. In this case, in the first stage discharge
determination, a cell 12 to be discharged 1s not specified.

In Step S303, the controller 40 specifies, as a cell 12 to be
discharged, a cell 12 that 1s determined to have variation of
the voltage values Vb by the processing of Step S302. The
cell 12 that 1s specified as a target to be discharged 1s a cell
12, which has the voltage value Vb greater than the voltage
value Vb_minl by at least the threshold value AV_thl, i
cach of the battery groups G1 to G4.

The controller 40 sets a discharge execution tlag for the
cell 12 specified as a target to be discharged. I1 identification
information (number or the like) 1s provided for all cells 12
constituting the assembled battery 10, the controller 40 1s
able to store the 1dentification information and the discharge
execution flag in the memory 41 in association with each
other. With this, the controller 40 confirms the 1dentification
information and the discharge execution flag, thereby rec-
ognizing a cell 12 to be discharged.

When the first stage discharge determination 1s per-
formed, 1n the processing of Step S103 1llustrated 1n FI1G. 4,
the controller 40 discharges the cell 12 for which the
discharge execution tlag 1s set. The processing of Step S103
1s an example of first processing of the mnvention. With this,
in the battery group G, vaniation of the voltage values Vb 1s
suppressed, thereby making the voltage values Vb uniform.
When performing the processing 1llustrated 1n FI1G. 4, 1n the
battery group G, the voltage values Vb are optionally not
made uniform depending on the discharge amount of each of
the cells 12 for the second predetermined time t_th2. How-
ever, the processing illustrated 1n FIG. 4 1s repeatedly
performed, thereby making the voltage values Vb uniform in
the battery group G.

In Step S304, the controller 40 excludes the battery group
G including the cell 12 to be discharged specified by the
processing of Step S303 from the second stage discharge
determination. Specifically, the controller 40 does not set the
discharge execution flag for all cells 12 excluding the cell 12
to be discharged 1n the battery group G including the cell 12
to be discharged. With this, the controller 40 confirms the
identification information and the setting content of the
discharge execution flag, thereby recognizing a cell 12 not to
be discharged. As the cell 12 not to be discharged, there 1s
the cell 12 having the voltage value Vb_minl.

FIG. 8 illustrates the voltage values Vb (an example) of
the cells 12 1n each of the battery groups G1 to G4. The
vertical axis of FIG. 8 represents the voltage value Vb, and
the horizontal axis of FIG. 8 represents the cell 12.

In the example 1llustrated 1n FIG. 8, in the battery group
(G4, the voltage value Vb of each of cells 12 marked with an
asterisk 1s greater than the voltage values Vb (that 1s, voltage
value Vb_minl) of the remaining cells 12 by at least the
threshold value AV _thl. For this reason, the cell 12 marked
with an asterisk 1s specified as a target to be discharged in
the first stage discharge determination. The battery group G4
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1s excluded from the second stage discharge determination.
In each of the remaining battery groups G1 to G3, since the
voltage values Vb of the cells 12 are uniform, in the first
stage discharge determination, 1n each of the battery groups
G1 to G3, a cell 12 to be discharged 1s not specified.

Next, the details of the processing (second stage discharge
determination) of Step S202 illustrated in FIG. 5 will be
described using the flowchart illustrated 1n FIG. 9. Process-
ing illustrated in FIG. 9 1s executed by the controller 40.

In Step S401, the controller 40 performs determination
about whether or not the voltage values Vb are different and
variation of the voltage values Vb i1s generated among a
plurality of battery groups G (G1 to G4). A battery group G
that 1s subjected to the processing of Step S401 1s a battery
group G 1n which variation of the voltage values Vb 1s not
generated 1n the first stage discharge determination. In the
battery group G, all cells 12 have the voltage difference AV1
less than the threshold value AV _thl. For this reason, the
voltage values Vb of all cells 12 included in the battery
group G are substantially equal.

The controller 40 recognizes the voltage values Vb of the
cells 12 included 1n each battery group G and then performs
determination about whether or not variation of the voltage
values Vb 1s generated among a plurality of battery groups
G. Specifically, the controller 40 first specifies a minimum
voltage value Vb_min2 among the voltage values Vb 1n a
plurality of battery groups G and calculates the voltage
difference AV2 between the voltage value Vb of each of the
remaining battery groups G and the voltage value Vb_min2.
The voltage value Vb of each of the remaining battery
groups G 1s greater than the voltage value Vb_min2, and the
voltage difference AV2 1s a value obtained by subtracting the
voltage value Vb_min2 from the voltage value Vb of each
of the remaining battery groups G.

When the calculated voltage difference AV2 1s equal to or
greater than a threshold value AV_th2, the controller 40
determines that varnation of the voltage values Vb 1s gen-
erated 1n a plurality of battery groups G. When variation of
the voltage values Vb 1s generated, the controller 40 per-
forms processing ol Step S402.

The threshold value AV_th2 1s a value equal to or greater
than O [V] and 1s able to be appropriately set taking into
consideration a range 1 which vanation of the voltage
values Vb 1s allowable. The threshold value AV th2 is
optionally the same as or 1s optionally different from the
above-described threshold value AV_thl. Information speci-
tying the threshold value AV_th2 is able to be stored in the
memory 41.

The determination about whether or not variation of the
voltage values Vb 1s generated 1s performed for all battery
groups G excluding the battery group G having the voltage
value Vb_min2. However, as described above, the process-
ing of S401 1s not performed for the battery group G
excluded from the second stage discharge determination by
the processing 1illustrated in FIG. 7.

When the calculated voltage difference AV2 1s less than
the threshold value AV _th2, the controller 40 determines
that vanation of the voltage values Vb 1s not generated, in
other words, the voltage values Vb are uniform. In this case,
the controller 40 ends the processing illustrated 1n FIG. 9.
When there 1s only one battery group G that 1s subjected to
the processing of Step S401, since variation of the voltage
values Vb 1s unable to be recogmized, the controller 40 ends
the processing illustrated in FIG. 9.

When varnation of the voltage values Vb 1s generated in
a plurality of battery groups G, the controller 40 specifies, as
a cell 12 to be discharged, all cells 12 included in the battery
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group G that 1s determined to have variation of the voltage
values Vb. In the battery group G that 1s determined to have
variation of the voltage values Vb, the voltage values Vb of
the cells 12 included 1n the battery group G become greater
than the voltage value Vb_min2 by at least the threshold
value AV_th2.

As 1n the processing of Step S303 illustrated in FIG. 7, the
controller 40 sets a discharge execution flag for the cells 12
specified as a target to be discharged. The setting content of
the discharge execution flag 1s able to be stored in the
memory 41 1n association with the identification information
of the cells 12.

When the discharge execution flag 1s set for all cells 12
included 1n the battery group G, all cells 12 1n the battery
group G are discharged by the processing of Step S103
illustrated 1 FIG. 4. The processing of S103 1s an example
of second processing of the invention. As described above
referring to FIG. 3, since each cell 12 1s connected to the
same resistive elements R11, R21, R22, the discharge
amount of each cell 12 per unit time becomes equal 1n all
cells 12. That 1s, 1n all cells 12 of the battery group G, the
voltage values Vb are lowered 1n a state where the voltage
values Vb are uniform.

When performing the processing illustrated in FIG. 4, the
voltage values Vb are optionally not made uniform 1n a
plurality of battery groups G depending on the discharge
amount of each of the cells 12 for the second predetermined
time t_th2. However, the processing illustrated 1n FIG. 4 1s
repeatedly performed, and the voltage values Vb are able to
be made uniform 1n a plurality of battery groups G.

FIG. 10 1llustrates the voltage values Vb (an example) of
the cells 12 1n each of the battery groups G1 to G4. FI1G. 10
corresponds to FIG. 8.

In the example illustrated 1n FIG. 10, the voltage values
Vb of each of the battery groups G1, G2 are greater than the
voltage values Vb of the battery group G3, that 1s, the
voltage value Vb_min2 by at least the threshold value
AV _th2. For this reason, cells 12 marked with an asterisk in
FIG. 10 are specified as a target to be discharged. All cells
12 of the battery groups G1, G2 are specified as a target to
be discharged. The cells 12 included 1n the battery group G3
are excluded from a target to be discharged.

According to this example, the cells 12 that are specified
as a target to be discharged by the first stage discharge
determination and the second stage discharge determination
are discharged. In the examples illustrated 1n FIGS. 8 and 10,
the cells 12 marked with an asterisk are discharged.

The cell 12 that 1s specified as a target to be discharged by
the {first stage discharge determination 1s discharged,
whereby 1t 1s possible to suppress variation of the voltage
values Vb 1n all cells 12 of the battery group G. In the
example illustrated in FIG. 8, it 1s possible to make the
voltage values Vb of all cells 12 1n the battery group G4
uniform with the voltage value Vb_minl. In the battery
group G4, after the voltage values Vb of all cells 12 are
made uniform with the voltage value Vb_minl, the second
stage discharge determination 1s performed.

The cells 12 specified as a target to be discharged by the
second stage discharge determination are discharged,
whereby 1t 1s possible to suppress variation of the voltage
values Vb 1n all battery groups G subjected to the second
stage discharge determination. In the example 1llustrated 1n
FIG. 10, 1t 1s possible to make the voltage values Vb of all
cells 12 1n the battery groups G1 to G3 uniform with the
voltage value Vb_min2.

As described above, while the voltage values Vb of all
cells 12 1n the battery group G4 are made uniform with the
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voltage value Vb_minl, the voltage value Vb_minl 1s
greater than the voltage value Vb_min2. For this reason, the
cells 12 1n the battery group G4 are specified as the cells to
be discharged by the the second stage discharge determina-
tion, after the voltage values Vb are made uniform with the
voltage value Vb_minl. And then, all cells 12 included in
the battery group G4 are discharged by the second process-
ing, and the voltage values Vb of all cells 12 included 1n the
battery group G4 are made uniform with the voltage value
Vb min?2.

As a result, 1n the assembled battery 10 (all battery groups
G1 to G4), the voltage values Vb of all cells 12 are made
uniform with the voltage value Vb_min2, whereby it 1s
possible to suppress variation of the voltage values Vb. In
this way, according to this example, 1t 1s possible to suppress
variation of the voltage values Vb 1n the assembled battery
10 while suppressing variation of the voltage values Vb 1n
cach of the battery groups G1 to G4.

When suppressing variation of the voltage values Vb in
the assembled battery 10, first, variation of the voltage
values Vb 1n each battery group G 1s suppressed. Accord-
ingly, in each battery group G, determination about whether
or not an abnormal state described below 1s generated 1s
casily performed.

In the cell 12, if minute short-circuiting 1s generated
between the positive electrode and the negative electrode,
the cell 12 continues to be discharged. It 1s preferable to
perform determination early about whether or not the abnor-
mal state 1s generated even when the equalization processing
illustrated in FIG. 4 1s performed.

If variation of the voltage values Vb 1n a plurality of cells
12 1s suppressed, the lowering (voltage fluctuation) of the
voltage value Vb associated with minute short-circuiting 1s
casily recognized. That 1s, iI minute short-circuiting 1is
generated 1n a specific cell 12, the voltage value Vb of the
specific cell 12 1s lower than the uniform voltage values Vb
of the remaining cells 12, and thus 1t 1s easily determined
that an abnormal state, such as minute short-circuiting, 1s
generated.

In the circuit configuration illustrated in FIG. 3, it the
Zener diode D fails, as indicated by arrows of FIG. 11, a
leakage current optionally tlows in the Zener diode D. At
this time, the voltage value V¢ of the capacitor C on a
current path indicated by a thick dotted line of FIG. 11 1s
lower than the voltage value Vb of the cell 12A. I a leakage
current does not tlow 1n the Zener diode D, the voltage value
V¢ becomes equal to the voltage value Vb.

The voltage value V¢ output from the comparator COM
1s expressed by Expression (1).

[Equation 1]

Ve=Vb-2xI leakxR (1)

In Expression (1), I_leak 1s the value of a leakage current
flowing in the Zener diode D. R 1s a resistance value of the
resistive element R11. “I_leakxR™ represents the amount of
voltage drop associated with the flowing of a leakage current
in the resistive element R11. In a path indicated by the
arrows of FIG. 11 m which a leakage current tlows, two
resistive elements R11 are provided, and thus the amount of
voltage drop becomes two times “I_leakxR™.

As 1llustrated 1n Expression (1), the voltage value Vc¢ 1s
lower than the actual voltage value Vb of the cell 12A. For
this reason, 1f the charging/discharging of the cell 12 (as-
sembled battery 10) 1s controlled based on the voltage value
V¢, there 1s a concern that the cell 12A 1s overcharged. When
controlling the charging of the cell 12, the charging of the
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cell 12 1s controlled such that the voltage value Vc 1s not
greater than an upper limit voltage value determined 1in
advance.

If the voltage value Vc i1s less than the voltage value Vb
of the cell 12A, there 1s a concern that the charging of the
cell 12A 1s performed until the voltage value V¢ reaches the
upper limit voltage value. Since the voltage value Vb 1s
greater than the voltage value V¢, when the voltage value Vc
reaches the upper limit voltage value, there 1s a concern that
the voltage value Vb exceeds the upper limit voltage value
and the cell 12A 1s overcharged. It 1s preferable to perform
determination early about whether or not the abnormal state
1s generated even when the processing illustrated 1n FIG. 4
1s performed.

As 1llustrated 1n FIG. 11, when a leakage current flows 1n
the Zener diode D corresponding to the cell 12A, the voltage
value V¢ of the capacitor C corresponding to each of the
cells 12B, 12C 1s raised by “I_leakxR”. For this reason, 1f
the relationship between a voltage drop (voltage fluctuation)
of “2xI_leakxR” and a voltage rise (voltage fluctuation) of
“I_leakxR™ 1s able to be specified, it 1s able to be determined
that the Zener diode D {fails. Each of the cells 12B, 12C is
the cell 12 connected 1n series with the cell 12A. In other
words, the positive electrode terminal of the cell 12B 1s
connected to the negative electrode terminal of the cell 12A,
and the negative electrode terminal of the cell 12C 1s
connected to the positive electrode terminal of the cell 12A.

As described above, 1n order to determine failure of the
Zener diode D, 1t 1s necessary to suppress variation of the
voltage values Vb 1n advance 1n a plurality of cells 12. If the
voltage values Vb of a plurality of cells 12 are made uniform
with a reference voltage value (arbitrary value) Vret, there-
alter, when the Zener diode D {fails, the voltage value V¢
detected by the monitoring unit 30 has a relationship 1llus-
trated in FI1G. 12.

As 1llustrated in FIG. 12, the voltage value V¢ of the cell
12A corresponding to the failed Zener diode D 1s less than
the reference voltage value Vrel by “2xI_leakxR”. The
voltage value V¢ of each of the cells 12B, 12C 1s greater than
the reference voltage value Vref by “I_leakxR”. For this
reason, when the voltage diflerence between the voltage
value V¢ of the cell 12 A and the reference voltage value Vref
and the voltage difference between the voltage value Vc of
at least one of the cells 12B, 12C and the reference voltage
value Vref have a relationship illustrated 1n FI1G. 12, 1t 15 able
to be determined that the Zener diode D corresponding to the
cell 12A Tfails.

Even 11 the voltage diflerence with respect to the reference
voltage value Vrel 1s not confirmed, 1t 1s optionally possible
to determine failure of the Zener diode D. Specifically, it 1s
optionally only confirmed that the voltage value Vc of the
cell 12A 1s less than the reference voltage value Vref and the
voltage value Vc of at least one of the cells 12B, 12C 1s
greater than the reference voltage value Vref. In this case, 1t
1s able to be determined that the Zener diode D correspond-
ing to the cell 12A fails. However, as described above, the
voltage difference to the reference voltage value Vrel 1s
confirmed, whereby 1t 1s possible to determine failure of the
Zener diode D with high precision. The controller 40 per-
forms processing for determining a specific cell continuing
to be discharged due to minute short-circuiting described
above or failure of the Zener diode D as an abnormal state.
The processing for determining an abnormal state 1is
executed after the first processing i1s performed.

If the voltage values Vb (voltage values Vc¢) of a plurality
of cells 12 are made uniform with the reference voltage
value Vrel, it 1s not possible to recognize the relationship of
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the voltage values Vc illustrated in FIG. 12, and 1t 1s not
possible to determine failure of the Zener diode D. Accord-
ingly, 1n order to determine failure of the Zener diode D, as
described above, 1t 1s necessary to suppress variation of the
voltage values Vb (voltage values Vc¢) 1n a plurality of cells
12.

When suppressing variation of the voltage values Vb 1n a
plurality of cells 12, as 1n this example, a plurality of cells
12 are divided into a plurality of battery groups G, and 1t 1s
possible to suppress variation of the voltage values Vb in
cach battery group G.

As a method of suppressing variation of the voltage
values Vb, 1n all cells 12 constituting the battery stack 11,
suppressing variation of the voltage values Vb or suppress-
ing varniation of the voltage values Vb 1n all cells 12
connected to one monitoring unit 30 1s considered. However,
in these cases, defects described below occur.

In the configuration illustrated in FIG. 6, the battery stack
11B includes the battery group G2 connected to the moni-
toring unmit 30A and the battery group G3 connected to the
monitoring unit 30B. A detection error optionally occurs in
cach of the monitoring units 30A, 30B, and the detection
error optionally differs according to the monitoring units
30A, 30B.

In this case, although the voltage values Vb of all cells 12
included in the battery stack 11B are actually equal, the
voltage value Vb detected by the monitoring unit 30A and
the voltage value Vb detected by the momitoring unit 30B are
different due to the difference 1n the detection error
described above. In all cells 12 constituting the battery stack
11B, when suppressing variation of the voltage values Vb,
variation 1n the voltage values Vb caused by the difference
in the detection error between the monitoring units 30A, 308
1s suppressed.

Accordingly, until vanation of the voltage values Vb
caused by the difference 1n the detection error between the
monitoring units 30A, 30B 1s suppressed, 1t 1s not possible
to perform the determination of an abnormal state described
above. In other words, 1t takes time until the determination
of an abnormal state 1s able to be performed.

In this example, processing for suppressing variation of
the voltage values Vb 1n each of the battery groups G2, G3
illustrated 1n FIG. 6 1s performed by the first stage discharge
determination and the first processing. For this reason, 1in the
first stage discharge determination and the first processing,
it 1s not necessary to suppress variation of the voltage values
Vb caused by the difference 1n the detection error between
the monitoring units 30A, 30B. Therefore, 1t 1s possible to
reduce the time until variation of the voltage values Vb 1s
suppressed and to perform the determination of the abnor-
mal state described above in earlier timing.

The cells 12 of different battery stacks 11 are optionally
connected to one monitoring unit 30. For example, as
illustrated 1n FIG. 6, the battery stack 11 A (battery group
(G1) and the battery group G2 included 1n the battery stack
11B are connected to the monitoring unit 30A.

In the battery stacks 11A, 11B, variation in the deterio-
ration state of the cells 12 1s generated, whereby the cells 12
are optionally different in full charging capacity. For
example, if a temperature environment or the like 1s different
around the battery stacks 11A, 11B, in the battery stacks
11A, 11B, variation 1n the deterioration state of the cells 12
1s optionally generated. Each battery stack 11 1s able to be
replaced individually, and thus, as described above, 11 one of
the battery stacks 11A, 11B i1s replaced with a diflerent
battery stack 11, in the battery stacks 11A, 11B, vanation in
the deterioration state of the cells 12 1s generated.

10

15

20

25

30

35

40

45

50

55

60

65

16

If vanation i the full charging capacity of the cells 12 1s
generated, variation of the voltage values Vb 1s likely to be
generated. For example, when two cells 12 having different
tull charging capacities are charged with the same current
amount, the amount of voltage rise 1n the cell 12 having a
small full charging capacity becomes greater than the
amount of voltage rise 1 the cell 12 having a large full
charging capacity. When two cells 12 having different full
charging capacities are discharged with the same current
amount, the amount of voltage decrease 1n the cell 12 having
a small full charging capacity becomes greater than the
amount of voltage decrease in the cell 12 having a large full
charging capacity. In this way, vanation of the voltage
values Vb depends on variation 1n the full charging capacity
of the cells 12.

In all cells 12 included in the battery groups G1, G2
illustrated 1 FIG. 6, when suppressing variation of the
voltage values Vb, variation of the voltage values Vb due to
variation 1n the full charging capacity described above
should also be suppressed. In this example, vanation of the
voltage values Vb 1n each of the battery groups G1, G2 1s
suppressed based on the first stage discharge determination.
For this reason, in the first stage discharge determination and
the first processing, it 1s not necessary to suppress variation
of the voltage values Vb due to variation in the full charging
capacity. Therefore, 1t becomes easy to reduce the time until
variation of the voltage values Vb 1s suppressed, and 1t 1s
possible to perform the determination of the abnormal state
described above 1n earlier timing.

According to this example, 1t 1s possible to suppress
variation of the voltage values Vb 1n the assembled battery
10 while making it easy to perform the determination of the
abnormal state described above 1n a state in which variation
of the voltage values Vb 1n each battery group G 1s sup-
pressed.

The mvention 1s not limited to the configuration 1llus-
trated 1n FIG. 6. For example, the invention 1s optionally
applied to a configuration 1n which one battery stack 11 1s
connected to a plurality of monitoring units 30. In this case,
the cells 12 included 1n one battery stack 11 are optionally
divided into a plurality of battery groups G according to a
plurality of monitoring units 30. The number of battery
groups G becomes equal to the number of monitoring units
30.

The mmvention 1s optionally applied to a configuration 1n
which one monitoring umt 30 1s connected to a plurality of
battery stacks 11. In this case, the cells 12 of each battery
stack 11 are optionally divided into a plurality of battery
groups . The number of battery groups G becomes equal to
the number of battery stacks 11. As described above, if the
battery groups G are set and then the same processing as in
this example 1s performed, the same eflects as in this
example are able to be obtained.

In this example, although the monitoring unit 30 detects
the voltage value Vb of each cell 12, the invention 1s not
limited thereto. For example, when one battery Module 1s
constituted by a plurality of cells 12 connected 1n series, the
monitoring unit 30 1s able to detect the voltage value of each
battery module. The battery modules are an example of
power storage elements of the invention. A plurality of
battery modules are connected in series, whereby one battery
stack 11 1s constituted. In this case, it 1s possible to suppress
variation of the voltage values 1n a plurality of battery
modules.

In this example, the cells 12 to be discharged are specified
based on the first stage discharge determination and the
second stage discharge determination, and all cells 12 that
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are specified as a target to be discharged are discharged 1n
the processing of Step S103 1llustrated 1n FIG. 4. The timing
of discharging the cells 12 1s able to be appropriately set.
Specifically, the processing (first processing) for making the
voltage values Vb 1n the battery group G uniform and the
processing (second processing) for making the voltage val-
ues Vb of a plurality of battery groups G uniform are
optionally performed simultaneously or are optionally per-
formed 1n different timing 1n an order of the first processing
and the second processing. In FIG. 5, the first stage dis-
charge determination and the second stage discharge deter-
mination are performed continuously. Meanwhile, the first
processing 1s optionally performed after the first stage
discharge determination 1s performed, and thereafter, the
second stage discharge determination 1s optionally per-
formed. In this case, 1n the flowchart of FIG. 4, after the first
stage discharge determination and the first processing are
executed, the second stage discharge determination and the
second processing are repeated. When the first processing
and the second processing are performed in different timing,
it 1s not necessary to perform S304.

The 1nvention claimed 1s:

1. A power storage system comprising:

a power storage device that includes a plurality of power
storage stacks connected 1n series, each power storage
stack of said plurality of power storage stacks including,
a plurality of power storage eclements connected 1n
series;

a plurality of voltage detection circuits configured to
detect voltage values of the plurality of power storage
clements, respectively;

a discharge circuit configured to perform a discharge
processing for discharging each power storage element;
and

a controller configured to control the discharge processing,
based on the voltage values detected by the voltage
detection circuits, the controller configured to deter-
mine an abnormal state according to a voltage fluctua-
tion after the voltage values are made uniform, the
controller configured to perform a first processing when
all conditions 1) to 1v) given below are satisfied, and the
controller configured to perform a second processing
when all the conditions 1) to 1) and a condition v)
given below are satisfied, the conditions are:

1) 1n at least one power storage stack, different voltage
detection circuits are connected to the power storage
clements mncluded 1n said at least one power storage
stack,

11) at least one voltage detection circuit 1s connected to the
power storage clements ol different power storage
stacks,

111) the power storage elements included 1n the plurality of
power storage stacks are divided into a plurality of
groups, each group consists of a plurality of power
storage eclements included 1n a same power storage
stack and connected to a same voltage detection circuit,

1v) the voltage values of the power storage elements are
different 1n each group, and

v) 1n the plurality of groups 1n each of which the voltage
values of the power storage elements are made uni-
form, the voltage values are different among the plu-
rality of groups,

the first processing 1s processing for making the voltage
values of the power storage clements in the group
corresponding to the condition 1v) uniform by the
discharge processing, and
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the second processing 1s processing for making the volt-
age values of the power storage elements included 1n
the plurality of groups corresponding to the condition
v) uniform by the discharge processing.

2. The power storage system according to claim 1, the

power storage system further comprising:

a Zener diode that 1s connected to each power storage
clement through a wire connecting said each power
storage element and the voltage detection circuit and
has a cathode connected to a positive electrode terminal
of said each power storage element and an anode
connected to a negative electrode terminal of said each

power storage element,

wherein the controller 1s configured to determine, as the
abnormal state, that a leakage current flows 1n the Zener
diode corresponding to a specific power storage ele-
ment when conditions vi) to viil) given below are
satisfied, the conditions are:

v1) the voltage values of the power storage elements 1n
said each group have been made uniform with a refer-
ence voltage value,

vil) the voltage value of the specific power storage
clement 1s less than the reference voltage value, and
vil) the voltage value of the power storage element
connected i series with the specific power storage

clement 1s greater than the reference voltage value.

3. The power storage system according to claim 1,

wherein the controller 1s configured to determine, as the
abnormal state, that a specific power storage element
continues to be discharged when conditions 1x) and x)
given below are satisfied, the conditions are:

1x) the voltage values of the power storage elements 1n
said each group have been made uniform with a refer-
ence voltage, and

x) the voltage value of the specific power storage element
1s less than the reference voltage.

4. A power storage system comprising:

a power storage stack that includes a plurality of power
storage elements connected 1n series;

a plurality of voltage detection circuits connected to
different power storage elements in the power storage
stack, the plurality of voltage detection circuits config-
ured to detect voltage values of the plurality of power
storage elements, respectively;

a discharge circuit configured to perform a discharge
processing for discharging each power storage element;

a controller configured to control the discharge processing,
based on the voltage values detected by the voltage
detection circuits, the controller configured to deter-
mine an abnormal state according to a voltage fluctua-
tion after the voltage values are made uniform, the
controller configured to perform a first processing when
conditions 1) and 11) given below are satisfied, and the
controller configured to perform a second processing
when the condition 1) and a condition 111) given below
are satisfied, the conditions are:

1) the power storage elements are divided into a plurality
of groups, each group consists of a plurality of power
storage elements connected to a same voltage detection
circuit,

1) the voltage values of the power storage elements are
different 1n each group, and

111) 1n the plurality of groups 1n each of which the voltage
values of the power storage elements are made uni-
form, the voltage values are different among the plu-
rality of groups,
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the first processing 1s processing for making the voltage
values of the power storage elements in the group
corresponding to the condition 11) unmiform by the
discharge processing, and

the second processing 1s processing for making the volt-
age values of the power storage elements imncluded 1n
the plurality of groups corresponding to the condition
111) uniform by the discharge processing.

5. A power storage system comprising:

a power storage device that includes a plurality of power
storage stacks connected in series, each of the power
storage stacks including a plurality of power storage
elements connected 1n series:

a voltage detection circuit configured to detect a voltage
value of each power storage element;

a discharge circuit configured to perform a discharge
processing for discharging each power storage element;
and

a controller configured to control the discharge processing,
based on the voltage values detected by the voltage
detection circuits, the controller configured to deter-

mine an abnormal state according to a voltage fluctua-
tion after the voltage values are made uniform, the
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controller configured to perform a first processing when
conditions 1) and 11) given below are satisfied, and the
controller configured to perform a second processing
when the condition 1) and a condition 111) given below
are satisfied, the conditions are:

1) the power storage elements are divided 1nto a plurality
of groups, each group having the power storage ele-
ments mcluded 1 a same power storage stack,

11) the voltage values of the power storage elements are
different 1n each group, and

111) 1n the plurality of groups 1n each of which the voltage
values of the power storage elements are made uni-
form, the voltage values are different among the plu-
rality of groups,

the first processing 1s processing for making the voltage
values of the power storage eclements in the group
corresponding to the condition 11) unmiform by the
discharge processing, and

the second processing 1s processing for making the volt-
age values of the power storage elements included 1n
the plurality of groups corresponding to the condition
111) uniform by the discharge processing.
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